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Abstract 
We describe a method for characterizing atmospheric properties from spectral measurements of direct and 
scattered solar radiation under clear sky conditions. A compact, stable spectro-radiometer is employed for the 
measurement in a spectral range of 300-1000 run. The analysis of the measured spectra by means of the M0DTRAN4 
code provides us with a set of optical parameters describing tropospheric aerosols as the major product. As by-products, 
precipitable water amount and column ozone amount are retrieved. A year's worth of field data have been acquired at 
the Center for Environmental Remote Sensing, Chiba University, Japan. We report essential aspects on the regional 
aerosol properties as well as instrumental details including the calibration procedure. 
Keywords : aerosol, solar radiation, spectroscopy 
1. Introduction data have been analyzed using the FCFM technique explained 
in Sec. 2.3. In Sec. 2.1, we describe on the detection system and 
The consideration on light scattering and absorption of measurement procedure, and Sec. 2.2 describes the calibration 
aerosol particles in the atmosphere is in many cases essential in method. Sec. 3 gives the results and discussion, followed by the 
the analysis of satelite remote sensing data of the Earth's conclusion in Sec. 4. 
surfaces. Also aerosols play an important role in environmental 
problems such as the global warning due to their influence on 2. Methods 
the Earth's radiation budget. In this respect, it is required to 
establish methodology that enables measurements of aerosol 2.1 Observation 
amounts and characteristics in the real atmosphere. 
Methods for retrieving aerosol characteristics from the 
The measurement of DSR and SSR has been undertaken at 
CEReS, Chiba University (35.6ｰN, 140.1ｰE) since August 2007 
measurements of direct solar radiation (DSR) and scattered solar til now. The campus of Chiba University is located at about 3 
radiation (SSR) have been the topic of a number of researches, km from the Tokyo bay, surrounded by residential and industrial 
among which the inversion method developed by Nakajima et areas (Fig. 1). 
al. 1> is widely employed to derive aerosol parameters from the 
observed data. In this paper, we propose an altemative approach, 
which can be called a forward calculation and feedback method 
(FCFM). In this approach, we adjust the aerosol characteristics 
so that the spectra of DSR and SSR calculated by means of the 
radiation transfer code, M0DTRAN4刈 reproducethe measured 
spectra. Since this algorithm basically requires only the forward 
calculation, it enables detailed paramet叩碑on as input to the 
MODTRAN code, leading to the possibility of constructing 
more realistic aerosol models. Technically, the recent 
Fig. 1 Satellite picture around CEReS 
development of PC resources has made itpossible to implement The DSR and SSR spectra are measured with a portable 
this type of forward calculation and subsequent parameter spectro-radiometer (EKO, MS720). Specifications of the 
adjustments, which is inevitably a time cons皿血gprocedure. instrument are summarized in Table 1. Although the original 
In this work a compact, stable spectro-radiometer has been field-of-view (FOY) angle of the spectro-radiometer is 180ｰ, 
used to measure both DSR and SSR spec皿 andthe resulting here the FOV isintentionally 1血ted by attaching an entrance 
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tube with baffle rings (homemade, about 30 cm long) on top of factor is nearly the same for the two instruments. The six curves 
the detection window. The inside of the tube is covered with obtained from the Langley plot (am and pm measurements for 
polyurethane sheet having spectral reflectance of about 1.5% in three days) agree well with each other, with a small statistical 
the wavelength range between 250 nm and 2.5ｵm. Stray light error ofless than 0.2% in the visible range of the spectrum. Both 
causes no measurable effects according to a ray tracing the correction factor and its error bar become larger at the 
simulation. For SSR measurement, a FOV of20ｰ(total angle) is wavelengths ofH20 and 02 absorption spectra. 
adopted so as to minimize the observed portion of the sky while " 2ｷ5 
keeping sufficient signal-to-noise ratio. For DSR measurement, 
two additional baffle rings are attached to obtain a smaller FOY 
of 5ｰ. For aureole measurement, an additional sunshade is 
attached to view the annular region between 2.5ｰand 10ｰfrom 
the sun. 
Wavelength Range 
#Channels 
Resolution (FWHM) 
Exposure Time 
300-1140nm 
256 
10nm 
5ms-5s 
Table 1 Specification of MS720 
All the observations were made under clear sky (no visible 
cloud) conditions. The SSR spectra were obtained for a total of 
24 directions, with four horizontal angles of 1ｰ, 92ｰ, 194ｰ, and 
266ｰ(clockwise from the north direction) and six elevation 
angles of 15ｰ, 30ｰ, 45ｰ, 60ｰ, 75ｰ, and 90ｰ. DSR and aureole 
spectra were measured before and after each SSR measurement. 
2.2 Calibration 
Any systematic errors in the DSR spectral measurement may 
cause a large bias in the resulting aerosol properties, since the 
optical effect of aerosols generally appears as a minute change 
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Fig. 2 Radiation correction factor for MS720 
The temperature dependence of the radiation measurement 
was checked by comparing the readings between the target 
(temperature controlled) and reference (at room temperature) 
instruments. A 1000 W halogen lamp was employed for this 
measurement. The target MS720 was placed in a thermally 
shielded box, while the reference MS720 was placed in a 
temperature controlled room, both observing the light from the 
in the observed intensity. In order to minimize such efects, we halogen lamp. As seen from Fig. 3, it is apparent that the 
have performed the irradiance and temperature calibration of the temperature dependence of the correction factor for the target 
MS720 instrument. Two identical instruments were employed 
for this purpose. 
The radiation calibration was undertaken at the top of the 
Mauna Kea in Hawaii during the daytime on March 20 to 
March 22, 2008. Under the clear sky conditions, the DSR 
spectra were measured as the irradiance values. From the 
temporal data, the extra-terrestrial irradiance can be inferred by 
applying the Langley plot method 3l_ The calibration coefficients 
were detem血ed so as to obtain agreement between the 
resulting spectral irradiance with the literature value 4) used by 
the MODTRAN code. For the two MS720 instruments, the 
wavelength-dependent calibration coefficient of the first one 
was detem血ed in this way, and that of the second one was 
derived by comparing the readings of the two instruments. The 
results are shown in Fig. 2, which indicates that the correction 
MS720 behaves as a spline function with knots at 0, 10, 20 and 
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Fig. 3 Temperature correction factor for MS720 
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30 degree Celsius. A very similar tendency was found also for M0DTRAN4 makes it possible to include more detailed 
the other instrument. Such temperature dependence of the processes associated with the multiple scattering. Although the 
correction factor can be ascribed to the insufficient correction of MODTRAN code is provided with some typical aerosol 
the temperature response of the photodiode detector, which was properties (aerosol models such as maritime, urban, etc.), here 
originally provided from the manufacturer. For conventional we give the parameters to the code in order to optimize the 
usage of the spectra-radiometer, a correction of 3% isof litle aerosol characteristics. 
importance, but it is significant for precise retrieval of aerosol Here, we describe the basics of the FCFM technique. Here 
properties from DSR and SSR. aerosol particles are assumed to be spherical. According to the 
Mietheo序 knowledgeon aerosol size distribution and complex 
2.3 Analysis refractive index leads to optical parameters such as the extinction 
When a solar ray with wavelength;/, comes to the atmosphere coefficient (with its wavelength dependence), single scattering 
with a zenith angle 0, the irradiance E of DSR at the ground albedo, and scattering phase function. Here we further assume 
level (z =O) is given as 
E(J,B)=E。 (J)T(J,0,0, 叫， (1) 
where E。 denotes the solar irradiance at the top of the 
atmosphere, and Tis the atmospheric transmission: 
T(A, 0, z1, z2) = expl-f acr,(ふ z) cl二l (2) 
In Eq. (2), a; 四1is the extinction coefficient, which can be written 
as a sum of the molecular scattering coefficient 佑s, molecular 
absorption coefficient 知， aerosol scattering coefficient as, and 
aerosol absorption coefficient aa: 
a ext= ams+ ama + aas + aaa. 
a 
OJ= 
as
a as+a aa 
SSR can be written as 
L(J,0i,02)= r以J)x
[ams (J, Z)JR (J, X)+ aas (え， z)JM(え， x)]x
(3) 
(4) 
that aerosol is composed of three types as shown in Fig. 4. 
Component 1-3 correspond, respectively, to the water-soluble 
aerosols (including minerals), sea-salt aerosols, and soot particles. 
The size distribution of each component is expressed by a single 
component lognormal distribution. 
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The molecular scattering coefficient and molecular absorption Fig. 4 Complex refractive indexes 
coefficient are considered to be known parameters, as they can 
be calculated from the weather condition. The single scattering The spectra for DSR and SSR are calculated by providing the 
albedo (OJ) is defined 邸 MODTRAN4 code with aerosol optical parameters, which are 
derived from the Mie scattering calculation as a function of 
aerosol amount (in the form of ground visibility), mixing ratio, 
mode radius and mode width of each component. These 
When a solar ray comes to the atmosphere with a zenith angle Bi, parameters are optimized to reproduce the measured spectra. In 
scattered to a direction with a zenith angle (/2 (scattering angle x), this process, we rely on the wavelength ranges that are not 
and detected at the ground level, the corresponding radiance L of affected by molecular absorption effects. For the ranges with 
water vapor and ozone absorption, on the other hand, the water 
scaling factor and ozone scaling factor prepared in the code are 
used to adjust the absorption intensity of these molecular 
species. 
r(;i, 01, z, o)r(;i, 02 ,o z) dz 
cos0 2 
3. Results and Discussion 
(5) 
Figure 5 shows an example of the aerosol optical parameters 
where仮 andf Mare the phase 徊ctionof the Rayleigh and Mie derived from the present analysis. The data analyzed here are 
scattering, respectively. In this m叩ner, the spectral intensity of those taken on May 5, 2008 under clear sky conditions. On this 
DSR and SSR can be calculated by means of molecular and day, no clouds were detected around Chiba area either on 
aerosol parameters. The use of the radiation transfer code satelite images. The aerosol extinction coefficient (normalized 
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to the value at 550 nm), single scattering albedo, asymmetry 
factor, and the scattering phase function at 550 nm are shown in 
Fig. 5. The amount of precipitable water and ozone column 
density obtained from the analysis is 0.52 g/cm2 and 361 DU, 
respectively. The resulting aerosol parameters have not yet been 
fuly optimized; further improvement in the choice of fiting 
parameters and parameter ranges wil be needed along with the 
data correction methods. 
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Fig. 7 Column ozone amount 
4. Conclusion 
We have developed the forward calculation and feedback 
;'''i 
血~.心日ご method for the retrieval of aerosol and molecular absorption 
properties of the atmosphere from the direct and scattered solar 
light under clear sky conditions. Protocols for radiation and 
temperature calibration of the spectro-radiometer have been 
described. So far we have attained stable analysis for the 
molecular absorption part, and further eforts are being made to 
perform reliable fiting of aerosol parameters. Fig. 5 Aerosol optical parameters (preliminary) 
Figure 6 shows the temporal change of the precipitable water Acknowledgements 
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Fig. 6 Precipitable water 
Ozone column density obtained from the observations in 
May 2008 is compared with the data from the Ozone 
Monitoring Instrument (OMI)6) sensor onboard the AURA 
satelite. As a whole, reasonable agreement is seen between 
the ground and satelite results. The remaining difference is 
presumably due to the difference in the observation points and 
observation time. 
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